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ABSTRACT  (U) 


A  He-Xe  rare  gas  laser  has  previously  been  reported  to  emit  at  several  wavelengths  in  the  2  to 
4  pm  region,  in  continuous  wave  and  modulated  modes.  This  Research  Note  discusses  the 
effect  of  variation  of  discharge  parameters  on  the  output  power  and  pulse  energy  at  two 


infrared  wavelengths  of  3.894  and  3.995  pm. 
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1  INTRODUCTION 

As  part  of  an  Air  Force-sponsored  task  into  applications  of  rare  gas  lasers  (1),  a  He-Xe  laser  was 
investigated.  This  laser  was  operated  in  a  modulated  mode  at  selected  wavelengths  which  lie  in  the 
atmospheric  window  around  4  pm.  Irradiation  by  low  level  lasers  requires  accurate  knowledge  of  the 
effect  of  laser  discharge  parameters  on  the  output  energy  if  full  advantage  is  to  be  taken  of  the 
available  laser  power. 

This  Research  Note  discusses  the  effect  of  variation  in  discharge  parameters  (total  pressure,  He:Xe 
partial  pressure  ratio,  current  and  duty  cycle)  upon  the  output  power  and  pulse  energy  at  wavelengths 
3.894  and  3.995  pm. 


2  EQUIPMENT 

Figure  1  shows  a  schematic  diagram  of  the  equipment.  It  consists  of  a  commercial  He-Xe  laser 
(Advance  Kinetics,  model  XeHe-1)  which  produces  laser  radiation  at  a  number  of  wavelengths  in  the  2 
to  4  pm  region,  a  0.125  m  monochromator  (Oriel,  model  7240)  to  disperse  the  infrared  laser  radiation,  a 
PbSe  sensor  (Opto-  Electronics,  model  OTC-12S-81T)  to  detect  the  radiation,  and  an  XT-compatible 
microcomputer  to  digitize  and  store  the  data.  The  apparatus  used  in  this  work  was  described  in  detail 
in  a  previous  Report  (1). 

The  difference  between  this  work  and  that  described  in  Reference  1  is  that  the  rear  mirror  in  the  laser 
cavity  was  replaced  by  a  grating,  to  enable  the  laser  to  be  selectively  tuned.  The  grating  is  a 
300  lines/mm  master,  ruled  on  a  copper  block  with  gold  plating.  At  the  blaze  angle  the  reflectivity  of 
the  grating  is  more  than  95%.  The  laser  is  tuned  to  different  lines  by  adjusting  the  vertical  micrometer. 
There  is  a  total  angular  variation  of  12®  available  about  the  horizontal  axis.  The  grating  and  output 
coupler  can  be  remotely  operated  by  an  AMM-4  Motor  Controller. 


3  RESULTS 

The  wavelengths  and  upper  and  lower  states  (Racah  notation,  (2))  of  the  observed  laser  transitions  are 
listed  in  Table  1. 


Table  1  Observed  He-Xe  Laser  Lines 


Wavelength  Ipm] 

Upper  State 

Lower  State 

3.894 

5dl7/2]3' 

6pl5/2j3 

3.995 

5d[l/2]o' 

6pll/21i 

These  transitions,  and  the  non-lasing  transitions  which  depopulate  their  lower  levels,  are  shown  in  a 
schematic  of  the  energy  diagram  of  xenon  (Figure  2).  Shown  for  comparison  are  the  previously- 
observed  laser  transitions  obtained  by  using  the  rear  mirror  (1). 

3.1  3.894  pim  Line 

3.1.1  Output  as  a  Function  of  He:Xe  Ratio  at  100  mA 

3.1.1.1  Temporal  Profiles 

Temporal  profiles  of  output  power  were  measured  as  functions  of  partial  pressure  ratio, 
under  the  following  conditions:  modulation  frequency  125  Hz,  50%  duty  cycle,  100  mA  peak 
current,  He:Xe  ranging  from  =60:1  to  320:1  at  total  pressures  of  11  and  20  torr. 

Figure  3a  shows  the  temporal  profiles  versus  He:Xe  ratio  at  a  total  pressure  of  11  torr.  At 
high  He:Xe  ratios  the  3.894  pm  output  power  closely  follows  the  square  current  pulse. 
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except  for  initially  overshooting  the  equilibrium  value.  As  the  mixture  becomes  richer  in 
Xe,  i.e.  as  HeiXe  decreases,  the  initial  peak  becomes  more  prominent  as  the  output  in  the 
later  stages  of  the  current  pulse  decays.  At  a  HerXe  ratio  of  70:1  there  is  no  output  after 
0.3  ms.  This  phenomenon  is  probably  a  result  of  a  change  in  the  electron  energy 
distribution  (3).  The  mechanism  of  the  dependence  can  only  be  determined  after  further 
investigation. 

The  results  at  a  pressure  of  20  torr  exhibit  similar  features  for  He:Xe  ratios  up  to  150:1 
(Figure  3b).  At  higher  ratios,  however,  the  power  tends  to  decrease,  especially  at  later 
stages  of  the  pulse.  At  the  highest  He:Xe  ratio  (325:1)  there  is  no  output  after  0.3  ms. 

3.1.1.2  Pulse  Energy 

Pulse  energies  were  calculated  by  numerically  integrating  the  area  under  each  temporal 
profile.  These  values  are  in  arbitrary,  but  internally  consistent,  units.  The  results  are 
presented  in  Figure  4.  The  output  is  higher  at  11  torr  total  pressure  than  at  20  torr  for  all 
partial  pressure  ratios.  At  both  total  pressures,  however,  the  pulse  energy  peaks  at  a 
He:Xe  ratio  of  140:1.  Note  that,  in  the  continuous  wave  (cw)  case,  the  He:Xe  ratio  for 
maximum  power  is  180:1  (4). 

3.1.2  Output  as  a  Function  of  Discharge  Current 
3.1.2.1  Pulse  Energy 

Pulse  energy  was  measured  as  a  function  of  discharge  current,  under  the  following 
conditions:  modulation  frequency  125  Hz,  50%  duty  cycle,  11  torr  total  pressure, 
He;Xe  =  140:1.  For  comparison,  these  measurements  were  repeated  with  He:Xe  ratios  of 
100:1  (optimum  for  total  cw  output  on  all  lines)  and  180:1  (optimum  for  cw  3.894  pr'). 

At  a  He:Xe  ratio  of  1(X):1  the  maximum  pulse  energy  occurs  at  a  peak  current  of  60  mA 
(Figure  5).  At  the  other  two  ratios,  however,  the  output  increases  monotonically  with 
current.  The  output  with  a  ratio  of  140:1  is  higher  than  that  at  180:1  at  all  currents.  For 
each  total  pressure  there  is  a  critical  current,  below  which  there  is  very  little  laser 
output.  The  value  of  this  current  increases  with  increasing  He:Xe  ratio. 


3.1.2,2  Temporal  Profiles 

The  temporal  profiles  at  a  He:Xe  ratio  of  140:1  are  shown  in  Figure  6a.  At  a  pieak  current 
of  20  mA  there  is  only  laser  output  during  the  first  0.3  ms  of  the  current.  At  higher  currents 
the  output  follows  the  current  pulse,  apart  from  initially  overshooting  the  equilibrium 
value.  The  behaviour  with  a  He:Xe  ratio  of  180:1  has  similar  trends.  With 
He:Xe  =  100:1,  however,  the  temporal  profiles  behave  differently.  In  that  case 
(Figure  6b)  there  is  significant  output  with  20  mA  peak  current.  The  profile  at  60  mA  (the 
optimum  current)  follows  the  current  pulse  shape.  Increasing  the  current  beyond  this  value 
results  in  the  output  in  the  later  stages  of  the  pulse  decaying. 
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3.1.3  Output  as  a  Function  of  Total  Pressure 

3.1.3.1  Pulse  Energy 

The  effect  of  total  gas  pressure  was  investigated  by  measuring  the  pulse  energy  at  a  range 
of  pressures  from  11  to  30  torr,  at  constant  He:Xe  ratio  of  140:1.  The  modulation  frequency 
(125  Hz)  and  duty  cycle  (50%)  were  the  same  as  in  the  previous  measurements. 

The  output  increases  with  decreasing  pressure  at  all  currents  (Figure  7).  At  11  torr  the 
pulse  energy  increases  monotonically  with  current,  but  at  higher  pressures  there  is  an 
optimum  current  which  decreases  with  increasing  pressure.  The  minimum  current  required 
for  laser  output  increases  with  increasing  total  pressure. 

3.1.3.2  Temporal  Profiles 

Figure  8  shows  the  temporal  profiles  at  peak  currents  of  80  mA  for  a  range  of  total 
pressures.  At  11  torr  the  output  has  a  "square”  profile,  with  the  initial  overshoot.  As  the 
pressure  is  increased  the  relative  intensity  at  later  stages  of  the  pulse  decreases  until,  at 
30  torr,  there  is  no  laser  output  after  0.3  ms. 

3.1.4  Output  as  a  Function  of  Duty  Cycle 

The  output  was  measured  versus  duty  cycle  under  the  following  conditions:  125  Hz  modulation 
frequency,  11  torr  total  pressure,  He:Xe  =  140:1,  100  mA  peak  current.  The  results  are  shown  in 
Figure  9,  which  indicates  that  the  output  is  linear  with  duty  cycle.  The  line,  however,  does  not 
pass  through  the  origin  (there  is  no  output  at  =  1%  duty  cycle). 

The  linearity  of  this  plot  is  due  to  the  fact  that,  under  these  operating  conditions,  the  temporal 
profile  of  the  laser  output  closely  follows  the  (square)  shape  of  the  current  pulse  (Figure  10).  We 
would  therefore  not  expect  linearity  for  richer  Xe  mixtures  (Section  3.1. 1.1). 

3.2  3.995  p,m  Line 

3.2.1  Output  as  a  Fimction  of  He:Xe  Ratio 

The  output  at  3.995  pm  was  measured  as  a  function  of  He:Xe  ratio  under  the  following  conditions: 
modulation  frequency  125  Hz,  100  mA  peak  current,  duty  cycle  3%  (there  is  little  output  at  duty 
cycles  greater  than  7%  -  see  Section  3.2.2),  He:Xe  =  33:1  to  130:1,  total  pressure  11  torr. 

The  results  are  shown  in  Figure  11.  There  is  a  region  in  which  the  pulse  energy  is  at  a  maximum, 
with  the  curve  having  a  broad  peak  from  He:Xe  =  55:1  to  80:1. 

3.2.2  Output  as  a  Function  of  Duty  Cycle 
3.2.2.1  Pulse  Energy 

The  effect  of  duty  cycle  on  pulse  energy  was  investigated  by  repeating  the  measurements  of 
Section  3.2.1  at  a  range  of  duty  cycles  from  3%  to  7%.  (The  laser  power  supply  can,  in  fact, 
operate  at  a  duty  cycle  of  2%,  but  the  laser  output  is  unstable  at  this  value.) 

The  results  (Figure  12)  show  that  the  optimum  He:Xe  ratio  (i  e.  the  one  at  which 
maximum  pulse  energy  occurs)  increases  for  increasing  duty  cycle.  The  pulse  energy, 
however,  decreases  with  increasing  duty  cycle.  The  maximum  pulse  energy  is  achieved  at 
3%  duty  cycle.  The  output  at  7%  duty  cycle  is  very  low,  and  is  independent  of  the  He:Xe 
ratio. 
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Figure  13  shows  the  pulse  energy  as  a  function  of  duty  cycle  for  He:Xe  ratios  of  79:1  and 
103:1.  In  contrast  to  the  behaviour  of  the  3.894  nm  line  (Figure  9)  the  relationship 
between  pulse  energy  and  duty  cycle  is  non-linear.  Moreover,  the  energy  of  the  3.995  pm 
line  decreases  with  increasing  duty  cycle  under  these  discharge  conditions. 

3.2.2.2  Temporal  Profiles 

Figure  14  shows  the  temporal  profiles  at  3%  duty  cycle  for  a  range  of  He;Xe  ratios.  At 
He:Xe  ratios  less  than  90:1  there  is  a  small  initial  peak  in  power  after  0.02  ms,  with  the 
maximum  power  occurring  at  0.14  ms.  The  initial  peak  becomes  less  distinct  as  the  He:Xe 
ratio  increases.  With  Xe-lean  mixtures  (i.e.  for  high  He:Xe  ratios)  the  profile  only  has 
the  main  peak,  and  is  0.34  ms  wide  across  the  base.  The  main  peak  occurs  at  0.14  ms  at  all 
He:Xe  ratios. 

The  temporal  profiles  at  a  He:Xe  ratio  of  105:1  and  duty  cycles  of  3  to  7%  are  shown  in 
Figure  15.  It  is  particularly  interesting  to  note  that  the  output  laser  pulse  decreases  in 
width  as  the  current  pulse  increases.  This  nuy  be  due  to  the  relaxation  time  of  the  lower 
laser  level  (5(i[l/2]o°)  being  too  long  for  it  to  clear  between  current  pulses  at  higher  duty 
cycles.  Research  is  currently  being  undertaken  to  elucidate  this  phenomenon. 

3.2.3  Output  as  a  Function  of  Current 

The  effect  on  the  3.995  pm  line  of  varying  current  at  a  constant  duty  cycle  and  He.Xe  ratio  was 
investigated.  This  was  performed  at  a  modulation  frequency  of  125  Hz  and  at  a  total  pressure  of 
11  torr. 

The  results  are  shown  in  Figures  16a,  b  and  c  for  He:Xe  ratios  of  80:1,  90:1  and  100:1, 
respectively.  At  each  pressure  the  optimum  current  increases  as  the  duty  cycle  decreases.  The 
maximum  output  is  achieved  with  5%  duty  cycle,  He:Xe  =  90:1  and  a  peak  current  of  60  mA. 
These  data  are  plotted  in  an  alternative  fashion  in  Figures  17a,  b  and  c.  The  optimum  current 
increases  as  the  He;Xe  ratio  increases  i.e.  as  the  mixture  becomes  leaner  in  Xe. 

Figure  18  shows  the  temp)oral  profiles  at  He:Xe  =  90:1,  a  peak  current  of  60  nnA,  and  duty  cycles 
of  3,  4  and  5%.  In  contrast  to  the  results  of  Section  3. 2.2.2,  the  laser  pulse  broadens  with 
increasing  duty  cycle  under  these  discharge  conditions. 


4  DISCUSSION 

The  spjectrometer  system  described  in  this  Research  Note  has  been  used  to  parametrically  characterize 
a  commercial  He-Xe  laser.  This  laser  (Advance  Kinetics,  model  XeHe-1)  was  described  in  detail  in  a 
previous  Technical  Report  (1).  In  order  to  enhance  output  in  the  4  pm  region  the  rear  mirror  in  the  laser 
cavity  was  replaced  by  a  grating.  This  enables  the  laser  to  be  selectively  tuned. 

Lasing  was  observed  at  two  wavelengths  in  this  region  using  a  modulated  discharge  (Table  1).  One  of 
these  wavelengths  (3.894  pm)  is  not  observed  using  a  rear  mirror  (1),  and  the  other  (3.995  pm)  has  its 
output  significantly  enhanced  by  using  the  grating. 

The  fact  that  the  3.894  pm  line  will  not  lase  when  a  rear  mirror  is  used  can  be  explained  in  part  by 
reference  to  the  energy  level  diagram  of  Xe  (Figure  2).  This  line  shares  a  common  upper  level 
(5rf(7/2l3'’)  with  the  3.507pm  line.  Due  to  the  exceptionally  high  gain  of  this  latter  line  (5)  it  is 
preferentially  amplified.  However,  when  a  grating  is  used  the  feedback  loop  can  be  restricted  to  the 
3.894  pm  line.  (In  general,  however,  the  power  of  individual  lines  drops  when  the  rear  mirror  is 
replaced  by  a  grating.  This  is  probably  due  to  the  difference  in  reflectivities:  95%  for  the  grating  and 
=100%  for  the  mirror.) 
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The  optimum  conditions  for  pulsed  lasing  were  identified  for  each  of  these  two  lines.  These  are 
summarized  in  Table  2. 

Table  2  Optimum  Conditions  for  3.894  and  3.995  pm  Laser  Lines. 


Wavelen 

?th  [pml 

3.894 

3.995 

Pressure  [torr] 

11 

11 

He.-Xe 

140:1 

90:1 

Peak  Current  [mAj 

100 

60 

Duty  Cycle  [%1 

CW 
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Figure  1  Schematic  of  experimental  layout. 


ENERGY.  cm''(  10*) 


ERL-0508-RN 


UNCLASSIHED 


Xa 


Figure  2  Schematic  of  the  energy  diagram  of  xenon  showing  observed  lasing  and  three 

non-lasing  transitions. 
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Figure  3(b)  Temporal  profiles  of  3.894  pm  line  at  20  torr  total  pressure 
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PULSE  ENERGY  OF  3.8944m  LINE 


129  Hz.  100  mA  PEAK.  90«  DUTY  CYCLE 


He:Xe  RATIO 

□  11  TORR  +  20  TORR 


Figure  4  Pulse  energy  versus  He:Xe  ratio  at  11  and  20  torr  total  pressure. 
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Figure  5  Pulse  energy  of  3.894  pm  line  versus  current  at  three  He:Xe  ratios. 
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PULSE  ENERGY  OF  3.894|im  LINE 
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Figure  9  Pulse  energy  of  3.894  urn  line  versus  duty  cycle. 
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Figure  10  Temporal  profiles  of  3.894  pm  line  at  three  duty  cycles. 
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Figure  11  Pulse  energy  of  3.995  iim  line  versus  He:Xe  ratio  at  3%  duty  cycle. 
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Figure  12  Pulse  energy  of  3.995  ixm  line  versus  He;Xe  ratio  at  five  duty  cycles. 
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Figure  13  Pulse  energy  of  3.995  |im  line  versus  duty  cycle  at  He:Xe  ratios  of  103.1  and  79:1 . 
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Figure  16  Pulse  energy  of  3.995  iim  line  versus  current  at  He;Xe  ratios  of  (a)  80:1, 

(b)  90:1  and  (c)  100:1, 
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Figure  17  Pulse  energy  of  3.995  iim  line  versus  current  at  duty  cycles  of  (a)  3%,  (b)  4%  and  (c)  5%. 


POWER  (ARB.) 


UNCLASSIFIED 

DISTRIBUTION 
DEPARTMENT  OF  DEFENCE 

Defence  Science  and  Technology  Organisation 
Chief  Defence  Scientist 
Assistant  Chief  Defence  Scientist  Policy 
Assistant  Secretary  Science  Corporate  Management 
Counsellor  Defence  Science,  London 
Counsellor  Defence  Science,  Washington 
Counsellor  Defence  Science,  Bangkok 
Defence  Adviser,  Defence  Research  Centre,  Kuala  Lumpur 
Electronics  Research  Laboratory 

Director,  Electronic  Research  Laboratory 
Chief,  Electronic  Warfare  Division 
Research  Leader,  Electronic  Countermeasures  Group 
Research  Leader,  Signal  and  Information  Processing 
Head,  Optical  Electronic  Warfare  Group 
Mr  J.  Grevins,  Optical  Electronic  Warfare  Group 
Mr  O.S.  Scott,  Optical  Electronic  Warfare  Group 
Dr  S.S.  Ti,  Optical  Electronic  Warfare  Group 
Mr  R.J.  Oermann,  Optical  Electronic  Warfare  Group 
Materials  Research  Laboratory 

Director,  Materials  Ressearch  Laboratories 
Chief,  Physics  Division 
Surveillance  Research  Laboratory 
Chief  Optoelectronics  Division 
Head,  Optical  Physics  Group 
Weapons  Systems  Research  Laboratory 

Director,  Weapons  Systems  Research  Laboratory 
Navy  Office 

Navy  Scientific  Adviser 
Director,  Navy  Intelligence  Security 
Army  Office 

Scientific  Adviser  -  Army 
Air  Office 

Air  Force  Scientific  Officer 

Director,  Electronic  Warfare,  Air  Force 

Director,  Electronic  Warfare,  Air  Force,  Adelaide 


ERL-0508-RN 

Copy  No. 

)  1 
)  Shared  Copy 

)  for  circulation 

Cnt  Sht  Only 
Cnt  Sht  Only 
Cnt  Sht  Only 
Cnt  Sht  Only 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Cnt  Sht  Only 
Cnt  Sht  Only 

Cnt  Sht  Only 


16 

17 

18 


UNCLASSIFIED 


ERL-0508-RN 


UNCLASSIHED 


Admiralty  Research  Establishment,  Funtington,  Sussex 

Mr  John  Beswick  19 

joint  Intelligence  Organisation  (DSTI)  20 

Libraries  and  Information  Services 

Librarian,  Technical  Reports  Centre,  Defence  Central  Library,  Cantpbell  Park  21 


Document  Exchange  Centre 

Defence  Information  Services  Branch  for; 

Microfiche  copying  22 

United  Kingdom,  Defence  Research  Information  Centre  23  &  24 

United  States,  Defense  Technical  Information  Centre  25  to  26 

Canada,  Director,  Scientific  Information  Services  27 

New  Zealand,  Ministry  of  Defence  28 

National  Library  of  Australia  29 

Main  Library,  Defence  Science  and  Technology  Organisation  Salisbury  30  &  31 

Library  ,  Aeronautical  Research  Laboratories  32 

Library,  Materials  Research  Laboratories  433 

Librarian,  DSD,  Melbourne  34 

Defence  Industry  and  Materiel  Policy  Division 

FASDIMP  35 

United  Kingdom 

British  Library,  Ctocument  Supply  Centre  (UK)  36 

Author  37  to  40 

Spares  41  to  44 


DOCUMENT  CONTROL  DATA  SHEET 


Security  classification  of  this  page  : 


1  DOCUMENT  NUMBERS 


UNCLASSIFIED  | 


2  SECURITY  CLASSIFICATION 


AR 

Number: 

AR-006-434 

a.  Complete 
Document; 

Unclassified 

Series 

Number; 

ERL-0508-RN 

b.  Title  in 

Isolation 

Unclassified 

Other 

Numbers: 

c.  Summary  in 
Isolation 

Unclassified 

3  DOWNGRADING  /  DELIMITING 
INSTRUCTIONS 


^  TITLE  I 

"INVESTIGATION  AT  TWO  WAVELENGTHS  OF  A 
MODULATED  He-Xe  RARE  GAS  LASER". 


5  PERSONAL  AUTHOR  (S 


Kenneth  J.  Grant 

Shane  A.  Drunker  and 
Robert  J.  Rossiter 


6  DOCUMENT  DATE 


July  1990 


7  7.1  TOTAL  NUMBER  OF  PAGES 


18 


7.2  NUMBER  OF  REFERENCES 


8  8.1  CORPORATE  AUTHOR  fS 


Electronics  Research  Laboratory 


8.2  DOCUMENT  SERIES  and  NUMBER 


Research  Note 
0508 


9  REFERENCE  NUMBERS 


a.  Task: 

DST  89/098 

b.  Sponsoring  Agency: 

10  COST  CODE 


233 


11  IMPRINT  (Publishing  organisation 


Defence  Science  and  Technology 
Organisation  Salisbury 


13  RELEASE  LIMITATIONS  (of  the  document 


Approved  for  Public  Release. 


12  COMPUTER  PROGRAM  (S) 

(Title  (s)  and  language  (si) 


Security  classification  of  this  page  :  |  UNCLASSIFIED 


Security  classification  of  this  page  :  |  UNCLASSIFIED 


14  ANNOUNCEMENT  LIMITATIONS  (of  the  information  on  these  oaoes 


15  DESCRIPTORS  1 

|16  COSATI  CODES  I 

a.  EJC  Thesaurus 

Gas  lasers 

0903 

Terms 

Helium  xenon  lasers 

b.  Non  -  Thesaurus 

Terms 

17  SUMMARY  OR  ABSTRACT 

(if  this  is  security  classified,  the  announcement  of  this  report  will  be  similarly  classified) 


A  He-Xe  rare  gas  laser  has  previously  been  reported  to  emit  at  several  wavelengths 
in  the  2  to  4  pm  region,  in  continuous  wave  and  modulated  modes.  This  Research  Note 
discusses  the  effect  of  variation  of  discharge  parameters  on  the  output  power  and 
pulse  energy  at  two  infrared  wavelengths  of  3.894  and  3.995  pm. 


Security  classification  of  this 


UNCLASSIFIED 


